Introduction and preliminaries {#Sec1}
==============================

In the last two decades, there has been intensive research on the approximation of functions by positive linear operators introduced by using *q*-calculus. Lupas \[[@CR1]\] was the first who used *q*-calculus to define *q*-Bernstein polynomials, and later Phillips \[[@CR2]\] proposed a generalization of Bernstein polynomials based on *q*-integers. Very recently, Mursaleen et al. applied $\documentclass[12pt]{minimal}
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                \begin{document}$(p,q)$\end{document}$-analogues of some more operators were defined and their approximation properties were studied in \[[@CR7]--[@CR17]\], and \[[@CR18]\]. In this paper, we introduce a $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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Construction of operators and auxiliary results {#Sec2}
===============================================

We first define the analogue of Szász-Mirakyan operators via $\documentclass[12pt]{minimal}
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Definition 2.1 {#FPar1}
--------------
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Operators ([2.1](#Equ2){ref-type=""}) are linear and positive. For $\documentclass[12pt]{minimal}
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Lemma 2.1 {#FPar2}
---------

*Let* $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$0< q< p\leq1$\end{document}$ *and* $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$n\in\mathbb{N}$\end{document}$. *We have* $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ {S}_{n,p,q} \bigl(t^{m+1};x \bigr)= \sum _{j=0}^{m} \left ( \textstyle\begin{array}{c} m \\ j\end{array}\displaystyle \right ) \frac{q^{j}x }{p^{j} [n]_{p,q}^{m-j} }{S}_{n,p,q} \bigl(t^{j};q^{-1}x \bigr). $$\end{document}$$

Proof {#FPar3}
-----
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Proof {#FPar5}
-----
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Corollary 2.1 {#FPar6}
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Corollary 2.2 {#FPar8}
-------------
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Direct results {#Sec3}
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Theorem 3.1 {#FPar9}
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Theorem 4.1 {#FPar11}
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Theorem 4.2 {#FPar12}
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Proof {#FPar13}
-----
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The weighted modulus of continuity is given by $$\documentclass[12pt]{minimal}
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Theorem 4.3 {#FPar14}
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-----
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Conclusion {#Sec6}
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In this paper, we have constructed a new modification of Szász-Mirakyan operators based on $\documentclass[12pt]{minimal}
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                \begin{document}$(p,q)$\end{document}$-integers and investigated their approximation properties. We have obtained a weighted approximation and Voronovskaya-type theorem for our new operators.
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